We examined the consistency of the so-called aberrant pyramidal tract (APT) in 150 consecutive autopsied human brains using the modified Bielschowsky stain for axons. We were able to identify the APT in all brains except for one with holoprosencephaly. The APT left the pyramidal tract within the crus cerebri and passed in the medial lemniscus of the pons through the upper medulla oblongata. In 13 of the 63 brains with cerebrovascular diseases, wallerian degeneration was found in the APT on the ipsilateral side of the cerebral lesions. Further, the APT showed depletion of small-sized fibers in 2 of the 5 brains with multiple-system atrophy. These findings confirmed that the APT is a normal descending fiber tract and a part of the pyramidal tract.
Introduction
Collateral pathways of the pyramidal tract have been described as aberrant pyramidal tracts (APTs) in the early literature [1] [2] [3] [4] [5] . Especially, the fiber bundles descending through the medial lemniscus are presumed to constitute a part of the corticobulbar tract supplying the motor nuclei of the cranial nerves [5] . Yet, this noticeable structure of the human brainstem is not mentioned in the recent standard textbooks of the human anatomy [6, 7] , and therefore its course and function are generally unknown. Here, we investigated the human brains to know how consistently the APT exists and how it is affected in various diseases.
Materials and Methods
This study was performed on 150 consecutive autopsied brains obtained at our hospital from April 1992 through July 1999. The brains with brainstem hemorrhage or brain death were excluded because of severe tissue damage involving the brainstem. Primary neuropathological diagnoses of the 150 brains are shown in table 1. Two brains were obtained from neonates and the others were from adults. The 2 neonates were one boy and one girl, and the adults consisted of 82 men and 66 women. The ages of the adults at death ranged from 20 to 93 years, and the average age at death was 71 years. After fixation in 10% formalin, the brainstem was cut offat the upper margin of the midbrain and was serially cross-sectioned. Representative sections were embedded in paraffin and routinely stained with hematoxylin-eosin, Klüver-Barrera and modified Bielschowsky silver stains [8] . Other staining methods were also done when needed to make diagnoses.
We investigated the APT mainly in the modified-Bielschowskystained sections, because this routine silver stain for axons and Alzheimer-type degeneration constantly visualizes the nerve fibers of the APT. The APT was defined as the fiber bundles located within the medial lemniscus and mostly composed of fibers with smaller diameter compared with those of the medial lemniscus [3, 7, 9] . In the brains where the APT was particularly prominent, we traced this tract rostrally to the lower midbrain and caudally to the upper medulla oblongata. The APT was regarded as degenerating when the fibers of the APT were depleted and replaced by clusters of macrophages or fibrillary gliosis.
Results
In all the brains except for 1 with holoprosencephaly [10] , the APT was identified in the pontine medial lemniscus. This tract was located in the medial two thirds of the medial lemniscus at the upper and middle pontine levels and consisted of scores of scattered fiber bundles with round or oval shapes, which measured from 50 to 200 Ìm in diameter ( fig. 1 ). Several fiber bundles were found also at the border between the medial lemniscus and the transverse fibers of the pontine base. Most fibers contained in the APT were thin, while a few large fibers intermingled with them in more laterally located bundles. The volume of the APT varied among the individual brains. In 3 brains, the APT was diffused within the medial lemniscus without forming clear fiber bundles. The distribution patern was roughly symmetrical in the brains without APT degeneration except for 18 brains, where an apparent laterality in volume was found in the APT.
In typical cases the APT could be traced from the middle portion of the midbrain to the upper medulla oblongata. Figure 2 provides a schematic representation of the APT in such a case. At the level of the middle to lower midbrain, the fiber bundles left the pyramidal tract within the crus cerebri, swung dorsolaterally and entered into the medial lemniscus from the lateral portion ( fig. 3a) . The APT gradually shifted to the medial portion within the medial lemniscus as descending from the lower midbrain to the upper pons. The volume of the APT reduced by about half as descending toward the lower pons ( fig. 3b ). In the pontomedullary border, the APT migrated ventrally in the medial lemniscus. At the upper medulla the APT was undetectable in the 85 brains or, in the rest, indistinct with few clusters of fibers scattering near the pyramid ( fig. 3c ). At the middle medulla, the APT was not noticeable.
In 12 of the 20 brains with unilateral, extensive cerebral infarct or hemorrhage, wallerian degeneration was found not only in the pyramidal tract but also in the APT as caudally as the upper medulla oblongata on the ipsilateral side of cerebral lesions. The degenerating APT was replaced by numerous macrophages and appeared vacant in the medial lemniscus. Immunohistochemistry using anti-CD68 antibody (!100; Dako, Denmark) revealed macrophages infiltrating in the degenerating APT (fig. 4) . The APT appeared intact in the other 8 brains with cerebrovascular diseases, in which wallerian degeneration in the pyramidal tract was definite but focal. In one brain which had suffered bilateral large cerebral infarcts, wallerian degeneration was noted bilaterally in the APT as well as in the bilateral pyramidal tracts. The remaining 43 brains with cerebrovascular diseases showed no remarkable changes both in the APT and in the pyramidal tract. Thus, wallerian degeneration of the APT was observed only in the brains suffering from extensive cerebral damage enough to cause definite degeneration in the pyramidal tract. Prominent bilateral wallerian degeneration was seen also in 1 brain with the panencephalopathic type of Creutzfeldt-Jakob disease.
In the brain with holoprosencephaly, the pyramidal tract was absent in the brainstem, so was the APT in the medial lemniscus. Among the five brains with multiplesystem atrophy, the 2 brains categorized as showing the olivopontocerebellar atrophy type showed almost complete depletion of small-sized fibers in the APT as well as in the pyramidal tract. The APT was replaced by fibrillary gliosis ( fig. 5 ) and contained a few glial cytoplasmic inclusions as did the pyramidal tract. The remaining 3 brains with multiple-system atrophy, which included olivopontocerebellar atrophy, striatonigral and Shy-Drager types, showed no obvious degeneration in both the APT and pyramidal tract. The APT was unremarkable in the brains with other neurodegenerative diseases including amyotrophic lateral sclerosis where the pyramidal tract degeneration was obvious as rostrally as the internal capsule [11] and corticobasal degeneration [12] .
Discussion
Fiber bundles passing through the medial lemniscus were described by the early workers with the names as follows: 'accessory fillet fibres' by Barnes [13] , 'fibres aberrantes protubérantielles' by Dejérine [1] and 'fasciculi pontini laterales' by Marburg [2] . According to Crosby, a collateral pathway of the pyramidal tract designated as 'aberrant pyramidal system' separates from the original pyramidal tract at the level of the midbrain and pons, descends in the medial lemniscus and supplies the motor nuclei of the cranial nerves [5] . Also in the atlas of Voogd and van Hujizen [14] , fiber bundles corresponding to an 'aberrant pyramidal system' are depicted as 'fibrae corticotegmentalis' in the pontine medial lemniscus. Thus, an 'aberrant pyramidal system' passing through the medial lemniscus had been regarded as a noticeable structure in the human brainstem by these early workers.
Our observations confirmed that the APT is a consistent normal structure of the human brain with considerable individual variations in its volume and distribution. Asymmetry of the APT volume was also noted in about 15% of the examined brains. The descending character of this APT was verified by the presence of wallerian degeneration following extensive cerebral damage [15] [16] [17] [18] [19] . Further, a case described by Ishida et al. [20] showed the same feature of this tract in a reverse way. In their case, several fiber bundles remained intact in the completely degenerated medial lemniscus following presumed paraneoplastic devastation of the cuneate, gracile and accessory cuneate nuclei [20] .
Several investigations using the Marchi method or Nauta-Nygax selective silver impregnation provided evidence that the fiber bundles in the medial lemniscus terminate at the motor nuclei of the cranial nerves, which was, however, disputed by other investigators [15] [16] [17] . Gradual volume reduction of the APT seen in our study only suggests that the fibers of the APT terminate somewhere in the brainstem. Further, some fibers of the APT may descend more caudally in the corticospinal tracts to the spinal cord [21, 22] . Thus, the termination of the APT remains uncertain.
A reduction of small-sized fibers has been reported in the corticospinal tracts of the spinal cord and cerebral peduncle in multiple-system atrophy [23, 24] . We found an obvious loss of small-sized fibers not only in the pyramidal tract in the brainstem but also in the APT in the two brains with multiple-system atrophy with pyramidal tract involvement. These findings indicate that the same degenerative process reported by Sobue et al. [23] occurs more rostrally in the corticospinal tracts. The APT was preserved even in the other 3 brains with multiplesystem atrophy, where the pyramidal tract showed no obvious degeneration. Factors other than time course and extent of lesion should be working in producing APT degeneration in neurodegenerative diseases [22] .
Lastly, resolution of recent imaging methods has improved so much as to allow identification of small lesions in the brainstem, and the correlation between these lesions and the neurological signs has become a subject of discussion. Several authors ascribed supranuclear cranial palsies to the small lesions in the medial lemniscus [25] [26] [27] [28] [29] . In their reports the lesions involving the APT were presumed to be responsible for the supranuclear cranial palsies. To interpret the involvement of the APT in such patients, we must be cautious because of considerable variations of the APT. Quantitative and qualitative analysis of the APT is needed in future studies.
